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Abstract
In this contribution, an multi-parameter probability up-date technique [1] is proposed for relatively new entropy coding scheme PIPE [2][3]. It should be noted that probability up-date for PIPE coincides with CABAC probability up-date. Proposed method allows more precise probability estimation for current bin which means that more accurate distribution between different bin-encoders becomes possible. In terms of coding efficiency, the presented probability up-date technique on top of PIPE shows an average BD rate gain about 0.4 % in HE configuration..

1 Introduction
Among the entropy coding schemes CABAC is known as one of the most efficient. Using of elegant interval subdivision technique allows CABAC to be very close to entropy limit. 
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However for CABAC case there are almost no possibilities for parallelism. That is why throughput and latency may be a problem for CABAC. PIPE partially solved this problem. Instead of interval subdivision technique PIPE uses systematic v2v codes. They can be efficiently implemented by using simple counters instead of using memory consuming tables. Every code has specific probability interval where its performance is close to entropy limit. Next figure illustrated it on the example of “Three bin code” Suppose that probability of “1” is equal p then 

the estimated value for number of bins in secondary code is equal
((1-p)3+9(1-p)2p+15(1-p)p2 +5p3 )/3.
Table 1. Three bin code.
	Index
	Primary
	Probability
	Secondary

	1
	000
	(1-p)3
	0

	2
	001
	(1-p)2p
	100

	3
	010
	(1-p)2p
	101

	4
	100
	(1-p)2p
	110

	5
	110
	(1-p)p2
	11100

	6
	101
	(1-p)p2
	11101

	7
	011
	(1-p)p2
	11110

	8
	111
	P3

	11111
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Fig. 1. Performance of three bin code compare to entropy limit. 
Taking into account that PIPE (as CABAC) uses MPS/LPS switching so codes should cover only   [0, 0.5] probability diapason. PIPE uses CABAC probability up-date scheme and for every current bin after probability estimation PIPE determines which bin- encoder will be used. 
2 Probability Up-date.
In CABAC probabilities are represented by one of 64 discrete values on exponential mesh pn=0.5(1-()n[image: image4.png]p, = 05(1—a)"
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 covered interval from 0 to 1/2.
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Fig. 2. Exponential mesh for probability.
Every probability up-date is going on using look-up tables. This process can be roughly described by following formula: 
pnew = (y+(1- () pold.                (1)
Here y is equal to “zero” if current symbol matches with most probable symbol (MPS) otherwise y is equal to “one”. This formula provides estimating value for probability of least probable symbol (LPS).
The parameter N=1/( (for CABAC it is approximately 19.6) is a measure for number of previously encoded bins which have significant influence to the current up-date. This parameter determines sensitivity of model. Sensitive system quickly reacts to real changing but less sensitive model does not react to noise and random errors. Both properties are useful but contradictory.
The main idea of proposed technique is to use several probability estimations (instead of one) with different ( and combine them as weighted average for next bin probability prediction.
pi new = ( i y+(1- (i) pi old                          (2)
p new =((i pi new.             (3)
For short transition period only short distance prediction is preferable. But after stabilization near optimal value two-probability update model is more accurate for majority of context models. 
We proposed to introduce a counter of updates since last initialization. After every up-date the counter increases by one. Until the counter exceeds some threshold only short “window size” model (4) will be used. When the counter reaches threshold we should switch to more accurate two-probability update model (6).
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Fig. 3. Multi-parameter probability up-date diagram (two probabilities model).
3 Test results
Multi-parameter probability up-date technique was implemented on top of [5] which was accomplished in HM 4.0. It should be noticed that initialization and quantization of probability are not changed in our implementation. Performance was tested according to [4] in high efficiency case. The results are shown in Table 2. BD-rate reported compare to an anchor which is PIPE [5].
Table2. Test results for multi-parameters probability up-date model in HM4.0 on top of JCTVC-F268. 
	　
	All Intra HE
	Random Access HE
	Low delay B HE

	
	Y
	U
	V
	Y
	U
	V
	Y
	U
	V

	Class A
	-0.7%
	-0.5%
	-0.6%
	-0.7%
	-0.2%
	-0.1%
	　
	　
	　

	Class B
	-0.5%
	-0.9%
	-0.9%
	-0.4%
	-0.6%
	-0.5%
	-0.4%
	-0.5%
	-0.5%

	Class C
	-0.6%
	-0.7%
	-0.7%
	-0.3%
	-0.2%
	-0.1%
	-0.2%
	-0.3%
	-0.3%

	Class D
	-0.6%
	-0.4%
	-0.4%
	-0.3%
	0.1%
	0.0%
	-0.1%
	-0.2%
	-0.0%

	Class E
	-0.5%
	-1.1%
	-1.2%
	　
	　
	　
	-0.1%
	-0.9%
	-0.7%

	Overall
	-0.6%
	-0.7%
	-0.7%
	-0.4%
	-0.2%
	-0.2%
	-0.2%
	-0.5%
	-0.4%

	Enc Time[%]
	103%
	102%
	102%

	Dec Time[%]
	104%
	101%
	103%


Multi-parameter probability up-date provides about 0.4% bit saving for PIPE but same technique provides 0.9% for CABAC. 

Even if after probability up-date we have more accurate probability estimation due to quantization current bin may stay in the same bin-encoder. However in CABAC this method has influence on each bin encoding. Nevertheless this method has noticeable positive effect for PIPE coding efficiency.
Additionally we would like to report performance of PIPE(HE) [5] with multi-parameter probability up-date compare to HM4.0 (with CABAC). This test results are reported in Table 3.

Table 3. Test results for multi-parameters probability up-date model in HM4.0 on top of JCTVC-F268. 
	　
	All Intra HE
	Random Access HE
	Low delay B HE

	
	Y
	U
	V
	Y
	U
	V
	Y
	U
	V

	Class A
	-0.3%
	-0.9%
	-1.1%
	-0.5%
	-0.5%
	-0.6%
	　
	　
	　

	Class B
	-0.2%
	-1.3%
	-1.5%
	-0.4%
	-1.1%
	-1.2%
	-0.2%
	-1.3%
	-1.7%

	Class C
	-0.2%
	-1.3%
	-1.4%
	-0.3%
	-0.7%
	-0.8%
	-0.1%
	-0.6%
	-0.8%

	Class D
	-0.3%
	-1.8%
	-2.0%
	-0.3%
	-0.8%
	-1.3%
	-0.3%
	-0.6%
	-0.9%

	Class E
	-0.2%
	-2.3%
	-2.2%
	　
	　
	　
	-0.4%
	-1.6%
	-1.2%

	Overall
	-0.2%
	-1.5%
	-1.6%
	-0.4%
	-0.8%
	-1.0%
	-0.2%
	-1.0%
	-1.2%

	Enc Time[%]
	103%
	102%
	102%

	Dec Time[%]
	102%
	101%
	101%


If multi-parameter probability up-date is used in PIPE (HE) then it outperforms CABAC, providing in average 0.3% gain in Luma and 1.2% gain in Chroma color component. 
Conclusions
Based on test results:
0.4% (Y) / 0.5% (U) /0.5% (V) performance improvement on top of PIPE

we would like to propose usage of multi-parameter probability up-date in PIPE-HE.
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P0 = (Y>>4) + P0 – (P0>>4)
P1 = (Y>>7) + P1 – (P0>>7)                



